Peripheral neuroblastic tumours (pNTs, including neuroblastoma, ganglioneuroblastoma, and ganglioneuroma) are the most common extra-cranial tumours of childhood, accounting for 15% of childhood cancer mortality, and 650--700 cases are newly diagnosed each year in the United States. Patients with pNTs are classified into three risk groups (low, intermediate, and high) based on the combination of prognostic factors, including clinical stage, age at diagnosis, histopathology, MYCN proto-oncogene status, DNA index, and other chromosomal abnormalities ([@bib4], [@bib5]; [@bib25], [@bib26]; [@bib32]; [@bib19]; [@bib6]). Among these factors, MYCN amplification, which is detected in about 20% of all pNTs, is considered as the most reliable genomic hallmark of aggressive clinical behaviour ([@bib4]; [@bib24]; [@bib10]).

The vast majority of MYCN-amplified tumours are known to express elevated levels of MYCN protein. Morphologically, MYCN-amplified tumours are often characterised by the presence of one or a few prominent nucleoli ([@bib17]; [@bib28]; [@bib27]) and associated with high mitotic and karyorrhectic activities ([@bib10]). Recent studies suggest that MYCN protein expression rather than MYCN proto-oncogene amplification has a critical role in activating downstream molecular targets and leading to a poor prognosis in patients with pNTs ([@bib30]; [@bib27]). The significance of MYCN overexpression in some neuroblastomas via LIN28B genomic aberrations and overexpression and its signaling pathway involving let-7 miRNAs is also reported ([@bib21]).

High-risk neuroblastomas without MYCN amplification are also clinically aggressive, suggesting that factors other than augmented MYCN can also influence tumour behaviour. In our previous study, we have reported MYC protein expression as a new marker of poor prognosis in rare patients with undifferentiated neuroblastoma ([@bib31]). In this study, we extended immunohistochemical analysis of MYCN protein and MYC protein expression to a large cohort of both undifferentiated and poorly differentiated neuroblastoma subtypes to investigate their clinical significance. The prognostic impact of these protein expressions and their association with prominent nucleolar formation were analysed along with other prognostic factors. We found that MYC protein expression was among the most significant predictors of poor disease outcome for undifferentiated/poorly differentiated subtypes of pNTs.

Materials and Methods
=====================

Patient cohort
--------------

During the year 2009, a total of 604 newly diagnosed pNTs, whose tumour samples were obtained before starting chemotherapy/irradiation therapy, were reviewed at the Children\'s Oncology Group (COG) Neuroblastoma Pathology Reference Laboratory, Children\'s Hospital Los Angeles, Los Angeles, California, USA. Those tumours included ganglioneuroma, maturing subtype (23 cases); ganglioneuroblastoma, intermixed (37 cases); ganglioneuroblastoma, nodular (33 cases); and neuroblastoma (511 cases). Among the cases in the neuroblastoma category, there were 20 undifferentiated subtype tumours, 438 poorly differentiated subtype tumours, and 53 differentiating subtype tumours. Of those cases in the neuroblastoma category, 357 tumours (undifferentiated subtype 20, poorly differentiated subtype 337) with available unstained slides in the file of Reference Laboratory were included in this study. In order to avoid a potential confusion in identifying/detecting unique prominent nucleoli, the cases of differentiating subtype were excluded from the study, as differentiating neuroblasts of this subtype had one prominent nucleolus as a sign of nuclear maturation by definition ([@bib25]). Nineteen of the 20 tumours of undifferentiated subtype had been included in our previous report ([@bib31]). Clinical information (age at diagnosis -- \<18months *vs* \>18 months; and clinical staging -- Stage 4 *vs* non-Stage 4 according to the International Neuroblastoma Staging System (INSS)), MYCN status (non-amplified *vs* amplified), and survival data were collected through the COG study. Informed consent approved by the institutional review board was obtained for all patients at the time of enrollment in the COG biological and/or therapeutic study.

Pathology review
----------------

H&E slides from those 357 cases were re-evaluated by LLW, RS, and HS, according to the International Neuroblastoma Pathology Classification (INPC) ([@bib26]). Median number of the slides reviewed in this study was 2.0 (ranging 1--32) per case. Diagnostic criteria of undifferentiated and poorly differentiated neuroblastomas are previously described ([@bib25]; [@bib31]). MKI class (low MKI; L-MKI \<100 out of 5000 cells; intermediate MKI; I-MKI 100--200 out of 5000 cells; high MKI; H-MKI \>200 out of 5000 cells) was assigned to the individual tumour as well. Each case was classified into favourable histology or unfavourable histology according to the INPC system ([@bib25], [@bib26]). Definition of prominent nucleoli was described in our previous report ([@bib27]). In the prominent nucleoli (+) tumours, ⩾10% of the neuroblastic cells had one or a few large prominent nucleoli. In prominent nucleoli (−) tumours, a majority of neuroblastic cells had a conventional salt-and-pepper type nucleus (none or \<10% of the neuroblastic cells with prominent nucleoli).

Immunohistochemistry
--------------------

Immunostaining for MYCN and MYC protein was performed using formalin-fixed, paraffin-embedded sections with Leica BOND-MAXTM (Leica Microsystems Inc., Bannockburn, IL, USA) heating for 30 min in BondTM Epitope Retrieval Solution 2 (No. AR9640; Leica Biosystems Newcastle Ltd., Benton Ln, Newcastle Upon Tyne, UK). The sections were incubated with either anti-MYCN mouse monoclonal antibody, NCM II 100 ([@bib12]) at a dilution of 1 : 200, or anti-human MYC rabbit monoclonal antibody, clone Y69 (No. 1472-1; Epitomics, Cambridge, MA, USA) ([@bib16]) at a dilution of 1 : 200 in Bond TM Primary Antibody Diluent (No. AR9352; Vision BioSystems Inc., Norwell, MA, USA). Staining was visualised using Bond Polymer Refine DetectionTM (No. DS9800; Leica Microsystems Inc., Bannockburn, IL, USA). The slides stained for MYC protein were counterstained with hematoxylin. No counterstaining was performed for the slides after MYCN protein staining. The slides were reviewed by HS, LLW, and RT, and results were graded as follows: negative (−); focal or sporadic, and weak nuclear staining (±); and diffuse and strong nuclear staining with typically heterogeneous intensity (+). Appropriate positive and negative controls were stained along with those tumours.

Statistical analysis
--------------------

Prognostic effects by MYCN protein expression, MYC protein expression, and other prognostic factors (INSS, MYCN status, INPC, MKI, and prominent nucleoli) were explored for the patients in this series. The association of MYCN and MYC protein expression with each other and with the prognostic factors was examined via a chi-squared test (or Fisher\'s exact test if small cell sample size). In addition, differences in outcome between specific combinations of MYCN protein, MYC protein, and INPC were investigated. For event-free survival (EFS), time to event was defined as the time from diagnosis until the first event. For overall survival (OS), death was the only event considered. In the absence of an event or death, the survival time was censored at the time of last contact. Survival analyses were performed using the methods of [@bib14]) with s.es. per the methods of [@bib22]). Survival curves were compared using a log-rank test. Although no formal adjustments were made for multiple comparisons, *P*-values \<0.05 were considered statistically significant.

To determine the independent prognostic strength for survival of the MYCN and MYC protein expression in the presence of the prognostic factors, Cox proportional hazards models with the Efron method of handling tied event times were fit. Age was excluded from the models as INPC is computed using age. Backward selection was used to determine the most parsimonious model.

Results
=======

MYCN protein and MYC protein expression
---------------------------------------

Results of the immunostaining are summarised in [Figure 1](#fig1){ref-type="fig"}. In this series, 67 tumours showed MYCN protein(+) only, 37 showed MYC protein(+) only, only one had both proteins(+), and 222 were negative for both. Ten tumours were MYCN protein(±), including one with MYC protein(±) and another one with MYC protein(+). Twenty tumours were MYC protein(±) and MYCN protein(−).

As shown in [Table 1](#tbl1){ref-type="table"}, 3-year EFS and OS rates of all 357 patients in this study were 69.8±5.7% and 83.5±4.5%, respectively. [Table 1](#tbl1){ref-type="table"} also shows the prognostic impact of MYCN protein expression, MYC protein expression, and the prognostic factors. As the patients with MYCN protein(−) tumour and those with MYCN protein(±) tumour had similar 3-year EFS and 3-year OS rate, they were grouped together for subsequent analyses. Patients with MYCN protein(−)/(±) tumour had a significantly better 3-year EFS (75.3±6.2%) and 3-year OS (88.0±4.5%) than patients with MYCN protein(+) tumour (47.4±11.5% 3-year EFS and 63.8±11.6% 3-year OS) (*P*\<0.0001). Likewise, patients with MYC protein(−) tumour and those with MYC protein(±) tumour had similar 3-year EFS and 3-year OS, and they were grouped together. Patients with MYC protein(−)/(±) tumour had a significantly better 3-year EFS (73.0±5.8%) and 3-year OS (86.1±4.5%) than patients with MYC protein(+) tumour (46.5±19.6% 3-year EFS and 65.3±17.2% 3-year OS)(*P*=0.0028 & *P*=0.0277, respectively).

Association between MYCN protein/MYC protein expression and other prognostic markers
------------------------------------------------------------------------------------

[Table 1](#tbl1){ref-type="table"} also confirmed significant prognostic effects by age at diagnosis (median age of the patients at diagnosis in this study was 14.0 months, ranging from 0 to 244 months), INSS, MYCN status (354 cases with available data), INPC, MKI (343 cases with available data), and prominent nucleoli in this series of cases. As shown in [Table 2](#tbl2){ref-type="table"}, MYCN protein(+) tumours were almost exclusively MYC protein(−)/(±) (67 out of 68) and associated with MYCN amplification (66 out of 67). They were always unfavourable histology (68 out of 68) and more likely to have a high MKI (53 out of 65). MYC protein(+) tumours were almost exclusively MYCN protein(−)/(±) (38 out of 39) and non-amplified MYCN (38 out of 39). They were often unfavourable histology (30 out of 39) and tended to have a low or intermediate MKI (31 out of 38). Both MYCN protein(+) tumours and MYC protein(+) tumours were often diagnosed in older children (\>18 months) with Stage 4 disease compared with MYCN protein(−)/(±) tumours and MYC protein(−)/(±) tumours, respectively. There was a statistically significant association between prominent nucleolar formation and MYCN protein or MYC protein expression ([Figure 2](#fig2){ref-type="fig"}). The majority (95 out of 110, 86.4%) of prominent nucleoli (+) tumours expressed MYCN protein(+) only (66 cases, 60.0%), MYC protein (+) only (28 cases, 25.5%), or both proteins (+) (1 case, 0.9%). In contrast, 236 of the 247 (95.5%) prominent nucleoli (−) tumours were MYCN(−) or (±) and MYC(−) or (±).

Association between MYCN protein/MYC protein expression and INPC
----------------------------------------------------------------

Further analysis of prognostic impact by MYCN and MYC protein expression was performed using a total of 355 cases (2 cases: 1 tumour with both MYCN(+) and MYC(+) and 1 tumour with MYCN(±) and MYC(+), were excluded from the analysis), and they were divided into four subtypes by combination of protein expression and INPC; that is, 'MYCN protein(+) only, 67 cases, all unfavourable histology (46.2±12.0% 3-year EFS, 63.2±12.1% 3-year OS)\', 'MYC protein(+) only, 37 cases including 29 unfavourable histology (43.4±23.1% 3-year EFS, 63.5±19.2% 3-year OS)\', 'favourable histology and MYCN protein(−)/(±) and MYC protein(−)/(±), 167 cases (89.7±5.5% 3-year EFS, 97.0±3.2% 3-year OS)\', and 'unfavourable histology and MYCN protein(−)/(±) and MYC protein(−)/(±), 84 cases (63.1±13.6% 3-year EFS, 83.5±9.4% 3-year OS)\'. As shown in [Figure 3](#fig3){ref-type="fig"}, patients with favourable histology without MYCN protein(+) and MYC protein(+) fared the best in EFS and OS. Patients with MYCN protein(+) only and those with MYC protein(+) only had similar survival rates with the former having the worst OS and the latter having the worst EFS.

Multivariate analysis
---------------------

### Testing the independent prognostic strength for survival of MYCN protein(+) expression

A full backward-selected Cox model in terms of EFS indicated that INSS and INPC were predictive of survival, with Stage 4 and unfavourable histology tumours corresponding to an increase in the risk of event of 3.101 and 2.206, respectively (Please see [Supplementary Table](#sup1){ref-type="supplementary-material"}). The order of removal was MKI, MYCN status, and MYCN protein expression, with the least statistically significant term dropping out at each step. The last term removed from the model, MYCN protein(+) expression, was dropped with a *P*-value of 0.0619. A full backward-selected Cox model in terms of OS indicated that INSS and MKI were predictive of survival, with Stage 4 and high MKI tumours corresponding to an increase in the risk of death of 5.194 and 3.220, respectively. The order of removal was MYCN status, MYCN protein(+) expression, and INPC, with the least statistically significant term dropping out at each step. The last term removed from the model, histology, was dropped with a *P*-value of 0.0639.

### Testing the independent prognostic strength for survival of the MYC protein(+) expression

A full backward-selected Cox model in terms of EFS indicated that MYC protein expression, INSS, and MYCN status were predictive of survival, with MYC protein(+), Stage 4, and MYCN-amplified tumours corresponding to an increase in the risk of event of 2.121, 3.656, and 2.077, respectively. The order of removal was MKI and INPC, with the least statistically significant term dropping out at each step. The last term removed from the model, INPC, was dropped with a *P*-value of 0.1079. A full backward-selected Cox model in terms of OS indicated that MYC protein(+) expression, INSS, and MKI were predictive of survival, with MYC protein(+) expression, Stage 4, and high MKI tumours corresponding to an increase in the risk of death of 2.277, 5.066, and 3.619, respectively. The order of removal was INPC and MYCN status, with the least statistically significant term dropping out at each step. The last term removed from the model, MYCN status, was dropped with a *P*-value of 0.1437.

Discussion
==========

MYCN amplification with subsequent MYCN protein overexpression is a well-established genomic marker of poor prognosis of the patients with pNTs ([@bib4]; [@bib24]). However, only recently has the prognostic significance of MYC protein expression been recognised, when we reported the impact of MYC protein expression for predicting aggressive tumour behaviour in a small group of patients with undifferentiated neuroblastoma ([@bib31]). The current study is the first in-depth analysis on the prognostic significance of MYCN protein and MYC protein expression in a large cohort of neuroblastoma cases from the COG. This study clearly showed that a significant number of neuroblastomas of undifferentiated/poorly differentiated subtypes expressed either MYCN protein ((+) detected immunohistochemically in 19.0% of the tumours) or MYC protein ((+) detected in 10.9% of the tumours). As both of MYC and MYCN oncogenes are members of the MYC family gene, we classified those tumours expressing high levels of either MYCN protein or MYC protein as MYC-driven neuroblastomas. Results of this study are consistent with the work by [@bib9] reporting that activation of the Myc transcriptional network is associated with poor outcome in neuroblastoma patients. In fact, our study suggests that elevated MYC and MYCN protein expression lays foundation for the Myc transcriptional network activation in neuroblastoma.

Clinically, both MYCN protein(+) and MYC protein(+) tumours were more likely diagnosed in older children (\>18 months at diagnosis) and with Stage 4 disease. All of the MYCN protein(+) tumours and the majority of the MYC protein(+) tumours were classified as unfavourable histology according to the INPC. Most importantly, those MYC-driven tumours, with either MYCN protein(+) or MYC protein(+) expression, were significantly associated with a poor clinical outcome and had similar EFS and OS rates. When compared with other prognostic factors, in addition to INSS and MYCN status or MKI, MYC protein(+) expression maintained independent statistical significance for prediction of clinical outcome.

In order to function as a transcriptional factor, both MYCN and MYC genes need to be transcribed and translated into MYCN protein and MYC protein production. This study showed that MYCN protein(+) expression was almost exclusively associated with MYCN amplification, while MYC protein(+) expression was almost exclusively found without MYCN amplification. It is known, from the cell line experiments ([@bib3]), that these two proteins inhibit the expression of the other protein in each other, so that simultaneous expression of both MYCN protein and MYC protein in the same tumours is expected to be rare: only one case had (+) for both proteins in our series. Though the systemic analysis of *MYC* status was not conducted in this study, it was noted that those MYC protein(+) tumours were not necessarily associated with *MYC* gene amplification. We experienced only one neuroblastoma case with proven *MYC* amplification and MYC protein overexpression in our recent file, and the case was not included in this study. Apparently, *MYC* amplification leading to augmented MYC protein expression is a very rare event in neuroblastoma ([@bib23]; [@bib30]).

Both MYCN protein and MYC protein are known to make a complex with MAX (MYC-associated factor X) protein. MYC-MAX heterodimer activates pathways involved in cell proliferation, inhibition of differentiation, apoptosis, and so on ([@bib7]; [@bib2]; [@bib1]; [@bib20]; [@bib11]). Functional similarity and complementarity between MYCN protein and MYC protein have been confirmed by experiments using transgenic mice ([@bib18]). Both proteins are essential for embryonal development, and MYCN- or MYC-deficient mice are lethal. In addition, mice in which the MYC gene is replaced with the MYCN gene can survive until adulthood, suggesting their functional redundancy. It is interesting to note, however, that MYCN protein(+) tumours frequently had a high MKI, while MYC protein(+) tumours were more likely to have a low or intermediate MKI, and the major quantitative difference in MKI in these tumours was due to the difference in karyorrhexis rather than in mitosis (data not shown). The difference in karyorrhectic activities in MYCN protein(+) and MYC protein(+) tumours suggests that these two proteins could have some functional difference especially in their apoptotic/karyorrhectic pathways. It is also speculated that the cellular and/or developmental origin of these tumour cells could be different in terms of their epigenetic landscape where MYC family protein interact to show their biological effect. In chick embryo, for example, it is documented that the expression patterns of MYCN protein and MYC protein are different in different stages of the neural crest development ([@bib15]).

Our results also showed that prominent nucleolar formation correlated strongly with MYCN protein(+) or MYC protein(+) overexpression in neuroblastoma of undifferentiated and poorly differentiated subtypes. Prominent nucleoli were detected in 66 out of 67 MYCN protein(+) tumours, 28 out of 38 MYC protein(+) tumours, and 1 out of 1 tumour with both proteins (+). The nucleolus is the location where ribosome synthesis takes place, and the association between nucleoli hypertrophy and poorer prognosis has been reported in various human cancers, including neuroblastoma ([@bib29]; [@bib8]; [@bib27]). It should also be mentioned that prominent nucleolar formation was often associated with a unique and vesicular nuclear morphology, indicative of increased euchromatin content. Undifferentiated/poorly differentiated neuroblastomas composed of tumour cells having a vesicular nucleus with a few prominent nucleoli were previously described as 'large-cell\' neuroblastomas (LCNs) ([@bib29]). Recently, we also revealed a biologically remarkable similarity between LCNs and xenograft tumours derived from stem cell-like neuroblastoma cells, which were created by transient exposure of conventional NB cell lines with epigenetic modifiers ([@bib13]). These stem cell-like neuroblastoma cells, termed neuroblastoma iCSCs (induced cancer stem cells), express high levels of MYC or MYCN as well as a number of neural stem-cell markers.

In summary, about 30% of neuroblastoma cases in the undifferentiated and poorly differentiated subtypes were MYC-driven, expressing either MYCN protein or MYC protein in this series of cases. Notably, this subset would comprise of the highest-risk neuroblastoma cases. With the results of this report, we should move on to a prospective study of MYC and MYCN protein expression as a new biomarker for high-risk neuroblastomas.
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###### 

Click here for additional data file.

![**MYCN and MYC protein expression in neuroblastoma.** Immunostaining for (**A**) MYCN protein and (**B**) MYC protein. Results are graded as (+), (±) and (−). Please see 'Materials and Methods -- Immunohistochemistry\' for grading method. Immunostaining, original magnification × 400.](bjc2015188f1){#fig1}

![**Prominent nucleolar formation in 357 neuroblastomas of undifferentiated/poorly differentiated subtypes.** (**A**) Bar graph shows case distribution by prominent nucleolar formation. Left: Tumours with prominent nucleolar formation, Right: Tumours without prominent nucleolar formation. MYCN(+)=MYCN protein(+) tumours (red); MYC(+)=MYC protein(+) tumours (purple); Both(+)=one tumour with both MYCN protein(+) and MYC protein(+) (yellow); UH=unfavourable histology tumours with MYCN protein(−) or (±) and MYC protein(−) or (±) (brown); FH=favourable histology tumours with MYCN protein(−) or (±) and MYC protein(−) or (±) (light blue). Tumours having prominent nucleoli are predominantly composed of MYCN protein(+) or MYC protein(+) neuroblastomas. (**B**) Panel shows histology of neuroblastoma with prominent nucleolar formation (upper) and without prominent nucleolar formation (lower). H&E staining, original magnification × 1000.](bjc2015188f2){#fig2}

![**Case distribution and survival by protein expression and International Neuroblastoma Pathology Classification.** (**A**) Distribution of 355 neuroblastomas of undifferentiated/poorly differentiated subtypes (two cases; one with MYCN(+)/MYC(+) and one with MYCN(±)/MYC(+), were excluded from the analysis). (**B**) Event-free survivals for the four groups. Patients with MYCN protein(+) tumour had a similar and significantly low survival rate compared with those with MYC protein(+) tumour. Abbreviations: FH=favourable histology; MYC=MYC protein; MYCN=MYCN protein; UH=unfavourable histology.](bjc2015188f3){#fig3}

###### Summary of survival rates and log-rank test comparisons by prognostic factors

  **Cohort**               ***n***   **3-year EFS±s.e. (%)**    **EFS** ***P*****-value**  **3-year OS±s.e. (%)**    **OS** ***P*****-value**
  ------------------------ --------- ------------------------- --------------------------- ------------------------ --------------------------
  Overall                  357       69.8±5.7                              NA              83.5±4.5                             NA
  **MYCN protein**                                                       0.0003                                              \<0.0001
   (−)                     279       75.2±6.2                                              87.9±4.7                              
   (±)                     10        77.8±36.7                                             88.9±21.0                             
   (+)                     68        47.4±11.5                                             63.8±11.6                             
  **MYCN protein**                                                      \<0.0001                                             \<0.0001
   (−)/(±)                 289       75.3±6.2                                              88.0±4.5                              
   (+)                     68        47.4±11.5                                             63.8±11.6                             
  **MYC protein**                                                        0.0157                                               0.0841
   (−)                     297       72.5±5.9                                              85.9±4.6                              
   (±)                     21        81.0±25.0                                             90.5±19.7                             
   (+)                     39        46.5±19.6                                             65.3±17.2                             
  **MYC protein**                                                        0.0028                                               0.0277
   (−)/(±)                 318       73.0±5.8                                              86.1±4.5                              
   (+)                     39        46.5±19.6                                             65.3±17.2                             
  **Age at diagnosis**                                                   0.0003                                               0.005
   \<18 months             210       82.5±6.0                                              88.5±5.1                              
   ⩾18 months              147       53.1±10.1                                             76.6±7.9                              
  **INSS Stage**                                                        \<0.0001                                             \<0.0001
   1, 2, 3, 4s             196       88.1±5.4                                              95.0±3.7                              
   4                       161       48.3±9.3                                              70.0±8.0                              
  ***MYCN*** **status**                                                 \<0.0001                                             \<0.0001
   Not amplified           272       76.5±6.1                                              88.5±4.5                              
   Amplified               82        48.1±11.5                                             65.8±11.1                             
  **Histology**                                                         \<0.0001                                             \<0.0001
   Favourable              176       87.9±5.8                                              95.4±3.8                              
   Unfavourable            181       53.4±8.6                                              72.5±7.3                              
  **MKI**                                                               \<0.0001                                             \<0.0001
   Low                     159       83.9±7.2                                              94.7±4.6                              
   Intermediate            103       65.7±11.1                                             80.7±8.6                              
   High                    81        55.3±11.7                                             63.7±11.6                             
  **Prominent nucleoli**                                                \<0.0001                                             \<0.0001
   (−)                     247       78.8±6.0                                              91.6±4.0                              
   (+)                     110       50.2±11.2                                             65.7±10.7                             

Abbreviations: EFS=event-free survival; INSS=International Neuroblastoma Staging System; MKI=Mitosis--Karyorrhexis Index; OS=overall survival.

###### Cross-tabulation: MYCN protein expression, MYC protein expressions and prognostic factors

                         **MYCN protein**        **MYC protein**                                  
  ---------------------- ------------------ ---- ------------------------------------- ----- ---- -----------------------------------
  **MYC protein**                                                                                 
  (−)/(±)                251                67   0.0039[b](#t2-fn3){ref-type="fn"}                 
  (+)                    38                 1                                                      
  **Age at diagnosis**                                                                            
  \<18 months            187                23   \<0.0001                              199   11   \<0.0001
  ⩾18 months             102                45                                         119   28    
  **INSS stage**                                                                                  
  1, 2, 3, 4s            173                23   0.0001                                182   14   0.0115
  4                      116                45                                         136   25    
  ***MYCN* status**                                                                               
  Not amplified          271                1    \<0.0001[b](#t2-fn3){ref-type="fn"}   234   38   0.0004[b](#t2-fn3){ref-type="fn"}
  Amplified              16                 66                                         81    1     
  **Histology**                                                                                   
  Favourable             176                0    \<0.0001[b](#t2-fn3){ref-type="fn"}   167   9    0.0005
  Unfavourable           113                68                                         151   30    
  **MKI**                                                                                         
  Low                    156                3    \<0.0001[b](#t2-fn3){ref-type="fn"}   149   10   0.0013
  Intermediate           94                 9                                          82    21    
  High                   28                 53                                         74    7     

Abbreviations: INSS=International Neuroblastoma Staging System; MKI=mitosis-karyorrhexis index.

From a chi-squared test.

Two-sided Fisher\'s exact test.
